The purpose of thir Brief Communications section is to present important research rest&s of more limited scope than regular articles appearing in Physics of Fluids B. Submission of material of a peripheral or cursory nature is strongly discoumged. Brief Communications cannot exceed three printed pages in length, including space allowed for title, figures, tables, references, and an abstract limited to about 100 words. Recently Surko and Murphy' mentioned the production of a single-component positron plasma in the laboratory. Tsytovich and Wharton* discussed the possibility of creating an electron-positron plasma using intense relativistic electron beams, and they studied the waves and instabilities in such a plasma. The electron-positron system has a considerable history in plasma physics. AlfvCn has discussed the role that electron-positron plasmas might play in a astrophysical situation.3 New insight into certain astrophysical phenomena (such as pulsars) may also be gained in appropriate laboratory investigations.
Spiky and short-duration Langmuir solitons are found to exist in an ultrarelativistic electron-positron plasma. Nonlinear Landau damping and pulsar radiation are discussed.
Recently Surko and Murphy' mentioned the production of a single-component positron plasma in the laboratory. Tsytovich and Wharton* discussed the possibility of creating an electron-positron plasma using intense relativistic electron beams, and they studied the waves and instabilities in such a plasma. The electron-positron system has a considerable history in plasma physics. AlfvCn has discussed the role that electron-positron plasmas might play in a astrophysical situation.3 New insight into certain astrophysical phenomena (such as pulsars) may also be gained in appropriate laboratory investigations.
Theoretical models4Y5 have been developed to predict the production of electron-positron plasma in the pulsar magnetosphere. A mechanism of cascade generation of particles has been suggested. The electron pulled off in the stellar surface, accelerates along the curved lines of force of magnetic field. Since the potential for the Crab Pulsar parameter is of the order of lo'* V, the relativistic factor of the accelerated electron is in the range of yo-IO'. The particles moving along the curved trajectory, emit so called curvature radiation in the direction of motion. In the case of dipole magnetic field, the accelerated electrons emit gamma rays with energies lo9 eV. The gamma quantum, propagating at an angle to the magnetic field, creates an electron-positron pair. It is suggested that for the Crab Pulsar about 10' electron-positron pairs are created for each primary particle. Thus a dense ultrarelativistic electron-positron plasma might present in the pulsar magnetosphere. The problem of short pulsar radiation and its microstructure stimulates to investigate the nonlinear modes in such a plasma.
In this Brief Communication, we consider the nonlinear propagation of the Langmuir wave in a hot ultrarelativistic electron-positron plasma. The microscopic state of the plasma is described by the kinetic equation. 3 e*c*IEl* -= --n0 32 w*T; * (12) It shows that in an ultrarelativistic electron-positron plasma electrostatic modes (Langmuir waves) propagate with phase velocities higher than the speed of light, so linear Landau damping is not possible here. The waves with the phase velocities w/k < I',-c are heavily damped. Therefore, we shall study the nonlinear propagation of the mode (7a) in detail.
The nonlinear evolution of the wave is described by the nonlinear Schrbdinger equation7 An analysis of ( 14) shows that EA-(noTo)"* and S-( Tdno )1'4.
Thus in a dense ultrarelativistic electron-positron plasma electrostatic modes with wavelength greater than the plasma Debye length produce Langmuir solitons that are spiky in nature. One essential feature of these solitons is that they cannot form an energy flow toward smaller size, since they cannot merge with each other. To merge, the soliton would have to give energy to the sound waves, which do not exist in electron-positron plasma. In the onedimensional case the only process occurring in soliton gas is nonlinear interaction with electrons and positrons, i.e., nonlinear Landau damping, which stops the soliton without changing its amplitude. The stopping length is of the order of the soliton width, which is very small for a dense plasma. Thus the soliton will be stopped in a short time, of the order of the time of their creation. These spiky shortduration Langmuir solitons might be related to the pulsar radiation and with its microstructures.
